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METHOD FOR TREATING THE SURFACE OF 8TEEL

TECHNICAL FIELD

The present invention relates to a novel surface

treatment method which may be applied in-line at high

speeds to form a highly adherent, uniform, fine, and dense

5 phosphate film on the surface of iron and steel, particu-

larly carbon steel wire rod. More particularly, the pres-

ent invention relates to a novel surface-treatment method

which is an excellent lubrication treatment for the in-line

drawing of carbon steel wire rod and which can also be

10 effectively applied to low alloy steels.

BACKGROUND ART

An example of an in-line method for the formation of

phosphate film on the surface of steel wire rod consists of

scale removal from the wire rod surface by shot blasting,

15 cleaning the surface, and, finally, forming a phosphate

film by spray or immersion contact between a suitable li-

quid phosphating composition and the cleaned surface. If

it is desired to increase the speed of such a line, the

following possibilities would appear within the skill of

20 those of ordinary skill in the art: (1) In anticipation of

a need for higher speed operations, the equipment installed

will have already been designed to accommodate variations

in the length of the treatment zone; or (2) The reactivity

can be improved by increasing the concentration of the con-

25 version treatment bath, increasing the concentration of the

film forming accelerator, and/or raising the temperature.

However, tactic (1) requires room for equipment space

in order to obtain long treatment zone lengths and is asso-

ciated with increased equipment costs, and its implementa-

30 tion may be restricted by existing equipment. In the case

of tactic (2), in addition to increased treatment bath

costs, sludge formation in the treatment bath is increased,

and increased effort is required for bath management.

Additionally, several inventions have appeared which

35 teach electrolysis in a phosphate treatment bath as a means

for improving the phosphate film or for the formation of
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such a film on the surface of corrosion resistant alloy
steel. Although these inventions are not direct d to wire
rod, they are cited as art which is relevant to the present
invention and are briefly summarized below.

5 (a) British Patent Number 1, 041,761 (1966) teaches that,
after formation of a zinc phosphate film, cathodic
electrolysis is conducted in the same treatment bath
in order to close the pinholes in the crystalline film
with precipitated zinc particles and thus improve the

10 film's corrosion resistance.
(b) Japanese Patent Number 46-15408 [15,408/71] teaches

that an improvement in the conversion film's corrosion
resistance, can be obtained by a process as follows:
a steel article is immersed in a zinc phosphate bath;
it is first subjected to anodic electrolysis in order
electrically to accelerate elution of iron from the
article; electrolysis is then halted; and phosphate
film formation is conducted in the same bath.

(c) Japanese Patent Number 54-29979 [29,979/79] teaches
that, in order to form a zinc phosphate film on the
surface of corrosion-resistant alloy steel, zinc is
deposited on the surface by cathodic electrolysis in
a chelate compound-containing zinc phosphate treatment
bath, electrolysis is halted, and a zinc phosphate

25 film is formed on the plated surface in the same
treatment bath.

(d) Japanese Patent Number 57-47277 [47,277/82] teaches
that a composite film of zinc plate and zinc phosphate
is formed by electrolysis with the workpiece being

30 treated as cathode in a bath made up by adding a
chloride (KC1 or NaCl) to an aqueous solution of
primary zinc phosphate.

(e) Japanese Patent Number 60-46197 [46,197/85] teaches
that, in order to improve the corrosion resistance, a
treatment workpiece already carrying a phosphate film
is brought into contact with a zinc phosphate treat-
ment bath and subjected to alternating current or di-

20

35
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rect current electrolysis.

When this art of improving zinc phosphate films by

electrolytic treatment was examined for its applicability

as an in-line treatment, it was found that (a) involves

5 film formation followed by electrolysis, (b) involves elec-

trolysis followed by film formation, and (e) involves film

formation followed by electrolysis. Thus, all of these in-

volve a two-step treatment, which substantially compromis-

es their utility as high speed treatments. Furthermore,

10 (c) teaches the formation of a zinc phosphate film on cor-

rosion resistant alloy, for example, stainless steel, and

thus has a different object from the major object of the

present invention. Finally, (d) concerns the formation of

a composite film of zinc phosphate and metallic zinc parti-

15 cles. Such a film is only weakly adherent to the base

metal and is also somewhat brittle, and these properties

severely impair its utility as a base coat for lubrication.

Thus, there is little possibility that any of the preceding

inventions can be obviously applied to the major object of

20 the present invention*

DESCRIPTION OF THE INVENTION

Problem to Be Solved by the Invention

The present invention has as its major object the

provision of a novel method for the in-line, high speed

25 formation of a strongly adherent, uniform, dense, and fine-

ly crystalline zinc phosphate film on the surface of carbon

steel wire rod. The method is also applicable to other

types of carbon steel and low alloy steel bodies that need

to be lubricated prior to drawing or other cold working

30 operations.

summary p£ the jpyent^on

A major embodiment of the present invention is a meth-

od in which a phosphate film is formed on the surface of an

iron, carbon steel, or other low alloy steel workpiece by

35 subjecting the workpiece cathodic electrolysis in an acidic

electrolytic bath whose essential components are water,

free acidity, and 3 to 20 grams per liter (hereinafter
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"g/L") of zinc ions, 3 to 20 g/L of phosphate ions, and 3
to 40 g/L of nitrate ion; in which th zinc ion to phos-
phate ion weight ratio is in the range from 0.7 to 1.4 and
the nitrate ion to phosphate ion weight ratio is in the

5 range from 0.7 to 2.6; and which does not contain substan-
tial amounts of any complexing agent for zinc ions.

These conditions make possible the high speed forma-
tion of a strongly adherent, uniform, finely crystalline,
and dense phosphate film on the surface of workpieces as

10 noted, particularly carbon-steel wire rod.
Details of preferred Embodiments of the InvanHnn

The appropriate ranges for the zinc (Zn+2 ) ions, phos-
phate ions (P0

4

"3
) , and nitrate ions (N0

3
") in the electro-

lytic bath are, respectively, 3 to 20 g/L, 3 to 20 g/L, and
15 3 to 40 g/L. In determining these concentrations, phos-

phoric acid and any anions produced by its ionization are
considered as their stoichiometric equivalents of phos-
phate ions. When one, two, or all of these components
falls below these lower limits, the formation of a film
which achieves the object of the present invention becomes
almost impossible. On the other hand, exceeding the given
upper limits not only entails high economic costs, but it
becomes problematic to obtain a highly adherent film as the
concentration increases. Even more preferred ranges are 5
to 10 g/L for the zinc ions, 5 to 10 g/L for the phosphate
ions, and 5 to 20 g/L for the nitrate ions.

In addition, while remaining within these limits on
the concentration ranges for each component, the zinc ions
to phosphate ions weight ratio (hereinafter »X«) should be
maintained in the range from 0.7 to 1.4 and the nitrate
ions to phosphate ions weight ratio (hereinafter »Y»)
should be maintained within the range from 0.7 to 2.6.

With regard to the zinc ion/phosphate ion ratio, when
X falls below 0.7, zinc codeposition can easily occur and
a high quality film can not then be obtained. Moreover,
the adhesion between the film and workpiece is poor at such
values of X. Values of X in excess of 1.4 adversely affect

20

25

30

35
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the costs of bath management.

With regard to the nitrate ion/phosphate ion ratio,

values of Y less than 0*7 make it difficult to maintain the

bath balance. Values of Y in excess of 2*6 retard the de-

5 velopment of the necessary film weights due to nitric acid

auto-oxidation

•

Thus, as explained above, values for X or Y outside

the ranges claimed for the present invention are associated

with poor economics and problematic bath management, or im-

10 pede the formation of a dense, finely crystalline, highly

adherent film, and thus do not afford generally satisfac-

tory results as a lubricant for plastic working (cold work-

ing) processes.

In order to inhibit or suppress the formation of a

15 composite zinc phosphate film arising from the deposition

of zinc particles or zinc plating, the electrolytic bath

used by the present invention must not contain substantial

amounts of any complexing agent for zinc. Such complexing

agents include all halide ions except fluoride; oxygen and

20 sulfur containing organic compounds; nitriles; cyanide and

sulfide ions; and ammonia, phosphine, and arsine and amines

and organo phosphines and arsines. Phosphoric acid and

nitric acid and any anions produced by ionization of either
of them are not considered complexing agents for zinc ions

25 for the description of this invention.

The electrolytic bath under consideration may contain

other heavy metal ions than zinc, e.g., nickel, manganese,

magnesium, calcium, and the like, for codeposition as their

phosphates in the conversion coating formed by the inven-

30 tion.

As already noted briefly above, it is preferable that

little or no metallic inclusions be codeposited with the

phosphate conversion film formed by a process according to

this invention. In particular, the weight percentage of

35 elemental metals such as zinc in the film is, with in-

creasing preference, not greater than 10, 2, 0.5, 0.08, or

0.001 percent; and, independently, the areal density of me-
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tallic elements in the coating formed is, with increasing
preference, n t more than 1, 0.3, 0.04, or 0.002 grams per
sguare meter (hereinafter »g/m2«) of the workpiece surface.

Preferred process conditions include surface cleaning
5 the workpiece, preferably by shot blasting, before elec-

trolysis; the electrolytic bath being maintained at 20 to
90 • c; an anode of carbon plate; an inter electrode dis-
tance in the range from 2 to 30 cm and more preferably from
3 to 10 cm; a current density in the range from 2 to 20

10 amps per square decimeter (hereinafter "A/dm2 ") of work-
piece surface, more preferably from 5 to 10 A/dm2 . While
the electrolysis time will vary with the current density,
a strongly adherent, uniform, dense, and finely crystalline
phosphate film with a preferred coating weight of from 3 to
20 g/m can normally be formed in l to 30 seconds, so that
a time within this range is preferred.

Because the free phosphoric acid concentration in the
electrolytic bath undergoes transient increases during
electrolysis, it is preferred during prolonged operation of
a process according to this invention to maintain the acid
concentration within the appropriate range through the ad-
dition at suitable times of a dilute aqueous solution of
sodium or potassium hydroxide or carbonate. Also, it is
usually necessary during prolonged operation to maintain
the concentration of phosphate ions in the electrolytic
bath within the appropriate range through the supply at
suitable times of concentrated phosphate solution which has
been suitably adjusted for the electrolytic bath under
consideration

.

The practice of the method of the present invention
will be described below using Examples 1-5 (working exam-
ples according to the invention) and Comparison Examples 1
— 6 •

Examples

General CnnrHi-|»»o

Testing was carried out on 3 millimeter (hereinafter
"mm") diameter Type S43C steel wire. Pretreatment con-

20

25

30

35
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sisted of the foil wing: degr asing with a soluti n. in

water of FINE CLEANER™ 4360 (fr m Nihon Parkerizing Com-

pany, Ltd.) at 20 g/L and 55 0 C for 1 minute; then a water

wash with tap water; then an acid wash for 3 minutes at am-

5 bient temperature with 10% aqueous hydrochloric acid fol-

lowed by a water wash with tap water.

Electrolytic conversion was conducted as follows:

bath composition as described in Table l, maintained at 55

° C; electrolysis time - 10 seconds; current density = 7
2

10 A/dm ; cathode = wire rod workpiece in the electrolytic

bath; inter-electrode distance = 10 cm; carbon plate anodes

placed at two locations. These electrolytic conversion

conditions are designated as standard, and any deviations

therefrom will be explicitly specified below. The work-

15 piece was then washed with tap water and dried in a hot air
current. The film weight was subsequently measured by im-

mersion in 3 % aqueous chromic acid at 80° C for 15 minutes
to strip off the film and determination of the weight dif-
ference caused by stripping. The presence of codeposited

20 metallic zinc was evaluated by X-ray diffraction.

Lubrication testing was conducted as described below.

The test conditions were designed with the recognition that
in normal use, drawing is performed through a plurality of
dies in succession. Therefore, the lubricity of the

25 coating remaining on a test wire after drawing through one
die is representative of the practical lubricating effect

to be expected from a particular lubricating coating.

Details of the lubrication testing were as follows:

The 3.0 mm diameter wire rod was drawn to 2.4 mm diameter
30 on a drawing machine, with the wire rod being dusted with

calcium stearate immediately ahead of the die. The lubri-
cation quality of the film remaining on the wire rod with
reduced cross section after drawing was subsequently evalu-
ated using a Bowden tester under the following conditions:

35 test instrument was Model EFM-4 from Orientek Corporation,
ambient temperature, load = 5 kg, slider = 5 mm diameter
SUJ2 cylinder, sliding distance =20 mm, sliding velocity
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= 6 mm/minute. The apparatus measures the frictional force
required to mov the slider along the length of the wire
rod, and the coefficient of friction n is defined as the
ratio of this frictional force to the load on the slider.

5 Initial values of n are well below 0.25, but continued
operation of the appartus eventually wears through or
otherwise damages the lubricating coating, so that the
measured values of n rise. The number of sliding strokes
to reach a friction coefficient of 0.25 was determined and

10 was designated as the number to seizure.
Examples i *n p

Examples 1, 2, 3, 4, and 5 concerned testing as de-
scribed above on, respectively, film-forming compositions
A, B, c, D, and E set forth in Table l, and Table 1 also
reports the results therefrom (film weight, zinc metal
deposition, number of sliding strokes).
Comparison Tramples 1 »

ff g

comparison Examples l, 2, 3, 4, and 5 concerned test-
ing as described above on, respectively, film-forming
agents F, G, H, l f and J as set forth in Table l, and Table
1 also reports the results therefrom (film weight, zinc
metal deposition, number of sliding strokes) . in addition,
zinc deposition in the bath was observed for treatment bath
compositions G and H, and the bath balance was thus dis-

25 rupted.

Comparison Example a

This concerned the formation of a conversion film
using a bath composition of 90 g/L PARBOND™ isix (zinc
phosphate system conversion coating agent commercially
available from Ninon Parkerizing Co., Ltd.) and 0.34 g/L
AC-131 (also commercially available from Ninon Parkerizing
Co., Ltd.) as accelerator at a temperature of 80- c with an
immersion time of 15 minutes. The other conditions were
the same as in the test method described above, and the
test results from this Comparison Example are also reported
in Table 1.

20

30

35
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Table 1. Bath compositions

A B C D E

Zn g/L 8 10 10 8 5

P04 g/L 10 8 10 10 6

NO3 g/L 10 14 15 26 7

Zn/P04 0.8 1.25 1.0 0.8 0.8

NO3/PO4 1.0 1.75 1.5 2.6 1.16

film weight 8.3 9.5 9.6 7.2 7.3

deposition of
metallic zinc

none none none none none

number of
sliding strokes
(see note 1)

298 304 283 282 321

(Table 1 is continued on the next page)

Note 1: This number of sliding strokes equals the seizure starting point,
L e., the point at which the friction coefficient reached 0.25 or
more
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Table 1. Bath compositions (Continued from the previous page)

F G H I J K

Zn g/L eO 10 10 5 2

P04 g/L aO 10 10 2

NO3 g/L i n 1 A1U 5
mm

5 3 note 2

Zn/P04 0.5 1.67 1.0 0.5 1.0

NO3/PO4 1.0 1.65 0.5 0.5 1.5

film weight 3.2 4.2 3.8 5.2 1.8 6.7

deposition of
metallic zinc

deposi-
tion

none none deposi-
tion

none none

number of
sliding strokes
(see note 1)

127 98 41 93 53 264

This number of sliding strokes equals the seizure sta
point, i. e.. the point at which the friction coefficient
reached 0.25 or more

Note 2: Conversion film-forming bath of Comparison Example 6
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The obtained results show that there Is no significant

deposition of metallic zinc with th present invention, and

that the present invention affords a phosphate film which

is in no way inferior to phosphate films used heretofore.

5 In addition, as demonstrated by the test results from the

comparison examples, when the ranges specified for the

present invention were not met, the number of sliding

strokes was smaller than even in the prior art, and zinc

deposition was observed.
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CLAIMS

1. A method for forming a zinc phosphate containing con-
version coating that is substantially free from elemental
metal on the surface of a workpiece selected from the group

5 of iron, carbon steel, and low alloy steels, characterized
in that the workpiece is subjected to cathodic electrolysis
in an acidic electrolytic bath whose essential components
are water, free acid, 3 to 20 g/L of zinc ions, 3 to 20 g/L
of phosphate ions, and 3 to 40 g/L of nitrate ions, said

10 acidic electrolytic bath optionally also including cations
of heavy metals other than zinc, said acidic electrolytic
bath being further characterized in that the zinc ions to
phosphate ions weight ratio is in the range from 0.7 to
1.4, the nitrate ions to phosphate ions weight ratio is in

15 the range from 0.7 to 2.6, and that is contains substan-
tially no complexing agents for zinc ions.

2. A method according to claim 1, characterized in that
the acidic electrolytic bath contains from 5 to 10 g/L of
zinc ions, from 5 to 10 g/L of the phosphate ions, and from

20 5 to 20 g/L of the nitrate ions.

3. A method according to claim 2, wherein the temperature
of the electrolytic bath is maintained within the range
from 20 to 90 • c while the bath is in contact with the
workpiece.

4. A method according to claim l, wherein the temperature
of the electrolytic bath is maintained within the range
from 20 to 90 o c while the bath is in contact with the
workpiece.

5. A method according to claim 4, wherein the cathodic
current density on the workpiece is in the range from 2 to
20, or preferably from 5 to 10, A/dm2 .

6. A method according to claim 3, wherein the cathodic
current density on the workpiece is in the range from 2 to
20, or pr ferably from 5 to 10, A/dm2 .

25

30
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7* A method according to claim 2, wher in th cathodic
current density n the workpiece is in the range from 2 to

20, or preferably from 5 to 10, A/dm2 .

8. A method according to claim l, wherein the cathodic
5 current density on the workpiece is in the range from 2 to

20, or preferably from 5 to 10, A/dm2 .

9. A method according to claim 8, wherein the time of
electrolysis is chosen so as to produce a coating weight in
the range from 3 to 20 g/m2 .

10
10. A method according to claim 7, wherein the time of
electrolysis is chosen so as to produce a coating weight in
the range from 3 to 20 g/m2 .

11. A method according to claim 6, wherein the time of
electrolysis is chosen so as to produce a coating weight in

15 the range from 3 to 20 g/m2 .

12. A method according to claim 5, wherein the time of
electrolysis is chosen so as to produce a coating weight in
the range from 3 to 20 g/m2 .

13. A method according to claim 4, wherein the time of
20 electrolysis is chosen so as to produce a coating weight in

the range from 3 to 20 g/m2 .

14. A method according to claim 3, wherein the time of
electrolysis is chosen so as to produce a coating weight in
the range from 3 to 20 g/m2 .

25
15. A method according to claim 2, wherein the time of
electrolysis is chosen so as to produce a coating weight in
the range from 3 to 20 g/m2 .

.16. A method according to claim 1, wherein the time of
electrolysis is chosen so as to produce a coating weight in

30 the range from 3 to 20 g/m2 .

17. A method according to any one of claims 1 - 16, where-
in the workpiece is carbon steel wire rod.
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